Aim: Hospital selection for patients with drug overdose (DOD) is a critical issue. In Tokyo, the 50-tablet rule has been widely utilized by paramedics for triaging patients with DOD given that it shortens the triage time. However, studies have not investigated the utility of such a rule in local cities. The present study aimed to identify prognostic pre-and in-hospital factors among patients with DOD and determine whether the 50-tablet rule benefits local cities.
INTRODUCTION
D RUG OVERDOSE (DOD) has been one of the major causes of intensive care unit (ICU) admission. 1 Moreover, patients with DOD are occasionally brought to tertiary hospitals by paramedics, 2 although most of the patients admitted to the ICU are overtriaged. [3] [4] [5] [6] Unnecessary ICU admission of stable patients with DOD causes patient overflow 1 and generates high medical costs. 7 However, patients with severe DOD require intensive care, including artificial ventilation, hemodynamic stabilization, and specific interventions for toxin elimination to avoid complications and enhance outcomes. [8] [9] [10] [11] The time taken to decide which hospital could provide the appropriate treatment for patients with DOD is an important consideration. 2 Accordingly, several scores have been proposed to determine triage level for hospitalization and complications among patients with DOD.
The International Program on Chemical Safety, the Commission of the European Union, and the European Association of Poison Centers and Clinical Toxicologists suggested the utility of the poisoning severity score for telephone inquiries. 12 Moreover, Meulendijks et al. 13 reported that the criteria for hospitalization among patients with intentional DOD should include vital signs, serum electrolyte levels, medical history, and electrocardiography. Eizadi Mood et al. 14 revealed that the Glasgow Coma Scale (GCS) score, Acute Physiology and Chronic Health Evaluation (APACHE) II, and Modified APACHE II Score obtained 24 h after admission could predict mortality due to mixeddrug poisoning, whereas Liisanantti et al. 15 identified respiratory and renal dysfunction and failure as risk factors for poor outcomes among patients with DOD using multivariate logistic regression analysis. Furthermore, van den Oever et al. 7 proposed six criteria for predicting the need for medium or intensive care admission among patients with intentional DOD, which included intubation, breathing, oxygenation, cardiac conduction, blood pressure, and consciousness. 7 However, given that the aforementioned studies are not intended for eastern Asian patients, establishing prognostic factors and a standardized triage system for Japanese patients with DOD is of primary importance.
The 50-tablet rule has been widely used in Tokyo, Japan by paramedics for triaging patients with DOD. The rule states that patients with DOD who ingested more than 50 tablets should be transferred to tertiary care hospitals. This rule was based on an observational study carried out in Japan wherein patients with DOD who ingested more than 50 tablets needed intubation or renal replacement therapy (RRT) at relatively higher rates. 16 However, this rule has remained controversial or otherwise been refuted. 2 Several researchers have investigated whether the 50-tablet rule could be useful in deciding hospitalization and predicting prognosis. Accordingly, Sugita et al. 17 identified patients' age, total number of ingested tablets (≥50), or severe consciousness disturbance (Japan Coma Scale [JCS] ≥100) as risk factors for hospitalization. Tarui et al. 2 reported that the total number of ingested pills, GCS score, and blood lactate levels on admission were predictive factors for complications among patients with DOD who were admitted to the ICU, which included pneumonia, rhabdomyolysis, decubitus ulcer, nerve palsy, prolonged intubation (≥3 days), prolonged hospitalization (≥5 days), or death. However, the aforementioned studies have several limitations. Given that paramedics cannot measure blood lactate levels, clinical factors should be limited to those that paramedics can evaluate at the pre-hospital scene. Moreover, relatively easy and convenient information using laboratory and physiologic parameters based on the Japanese database of patients with DOD would be desirable for emergency room (ER) staff. Furthermore, considering that the 50-tablet rule was designed only for one hospital in Tokyo, applying such a rule throughout all areas of Japan could be impossible.
The present study, therefore, aimed to identify prognostic factors for patients with DOD before/after admission, as well as determine compliance with the 50-tablet rule in a local Japanese city.
METHODS

Patient management
T HIS WAS A retrospective, single-facility study undertaken at the University of Tsukuba Hospital (Tsukuba, Japan), an educational university hospital with a semi-closed ICU and emergency department managed by board-certified doctors in emergency and/or intensive care medicine. Moreover, full-time consultation from a board-certified psychiatric doctor is available during and after intensive care for poisoning.
Primary interventions for poisoning, such as gastric lavage (GL), artificial ventilation, and RRT, were undertaken if necessary, based on standard protocol. Our policy states that physiologically unstable patients, such as those suffering from consciousness disturbance, respiratory failure, shock, serious metabolic disorders, and multiple organ failure, have an emergency indication for ICU admission. Based on this policy, patients with DOD who present with abnormal vital signs, typically loss of consciousness and/or shock, were selected for ICU admission. When stabilized, these patients would then be discharged from the ICU or transferred to a general room.
This study was reviewed and approved by the research ethics committee of the University of Tsukuba Hospital (No. H28-172).
Patient selection
Medical records of consecutive patients with DOD hospitalized at the Department of Emergency and Critical Care Medicine between 2013 and 2017 were reviewed. The following key words were used to identify target patients with Diagnosis Procedure Combination: "overdose/poisoning" ("Acute drug poisoning," "Benzodiazepine poisoning," "Antidepressant drug poisoning," "Drug poisoning," "Pharmaceutical poisoning," "Tricyclic antidepressant poisoning," "Tetracyclic antidepressant poisoning," "lithium poisoning," and "Acetaminophen poisoning"). Cases with other potential types of poisoning, such as alcohol, carbon monoxide, methyl alcohol, paraquat, ethylene glycol, aconit (trikabuto), organophosphorus compound, hypochlorous acid, and chronic overdose, were excluded. Patients with multiple admissions were counted more than once.
Data analysis
The following patient data were analyzed from emergency medical records: demographics (age, sex, weight, and height), medical history, drug ingestion details (estimated time interval between ingestion and arrival at the hospital, type of drug, maximum number of ingested pills, and the total number of regularly ingested pills prescribed for 1 day), and clinical status on admission (GCS and JCS scores). Moreover, laboratory data included blood creatine kinase (CK) concentrations, serum lactate levels, C-reactive protein (CRP) levels, and blood gas analysis. Results of Triage DOA (Alere Medical Co., Tokyo, Japan), a simplified qualitative urine test for metabolites of eight major abused drugs using an immunoassay kit, were reviewed for those who were tested. Additionally, electrocardiogram abnormalities, such as prolongation of corrected QT (QTc) interval, were also reviewed. Interventions and critical management at the ER or ICU, including artificial ventilation, GL with or without charcoal, RRT, and antidote usage, were reviewed. Major outcomes included the length of ICU and hospital stay at our hospital. Sequential Organ Failure Assessment (SOFA) 19 and APACHE II scores 20 for each patient were calculated based on their clinical data. In cases where electrocardiogram and blood gas analysis were lacking, patients were assumed to be normal.
Statistical analysis
Results were expressed as median and interquartile ranges unless otherwise stated. To examine the 50-tablet rule according to reports thereof, 16 a receiver operating characteristic (ROC) curve was initially prepared with artificial ventilation or RRT as the state variable and total number of ingested pills as the probability test variable. The cut-off value for this parameter was determined using this ROC curve. In choosing the number of variables, statistical validity was supported in published reports. 21 To investigate pre-hospital prognostic factors, multiple regression analysis of variables, such as sex, age, weight, time interval between ingestion and hospital arrival, 50 tablets as the maximum of number of pills ingested, and total number of regularly ingested pills prescribed for 1 day, was carried out. "The total number of regularly ingested pills prescribed for 1 day" means the number of tablets that the patient has been prescribed on a daily basis of a drug that a patient overdosed. For example, in the patients with lithium overdose, if the daily lithium regular prescription of the patient's is two tablets, count it as two tablets. To investigate in-hospital prognostic factors, variables, such as total number of ingested pills, GCS score on admission, CK and CRP concentrations, total number of regularly ingested pills prescribed for 1 day, and prolonged QTc interval, that had a P-value of <0.05 during univariate analysis were used for multiple regression analysis. Multiple regression analysis used the forced injection method with ICU and hospital stay as explanatory variables. All analyses were undertaken using SPSS version 24 software (IBM, SPSS, Chicago, IL, USA). Differences were considered significant at P < 0.05.
RESULTS
Patient characteristics
A TOTAL OF 121 patients with DOD were identified, among whom 93 remained for analysis after excluding those who met the exclusion criteria ( Fig. 1 ). There were no non-tablet cases among the original 121 cases. As shown in Table 1 , the median maximum number of pills ingested was 69 (30-120). On admission, the median APACHE II, SOFA, and GCS scores were 9 (4-12), 1 (0-3), and 12 (6) (7) (8) (9) (10) (11) (12) (13) (14) , respectively, whereas CRP and CK concentrations were 0.05 (0.00-0.19) mg/dL and 77 (56-131) IU/L, respectively. Common drugs ingested included benzodiazepines, antipsychotics, antidepressants, and analgesics ( Overall risk factors for prolonged ICU and hospital stay Table 3 shows the results of univariate regression analysis for factors associated with length of ICU and hospital stay. Accordingly, age, sex, weight, QTc prolongation, GCS score on admission, CRP, Lac and CK concentrations, the maximum number of ingested pills, and the total number of regularly ingested pills prescribed for 1 day significantly prolonged both ICU and hospital stay in univariate analysis (Table 3) .
Pre-hospital clinical risk factors for prolonged ICU and hospital stay
Multiple regression analysis of pre-hospital prognostic factors included GCS score on admission, sex, weight, maximum number of ingested pills, age, and the total number of regularly ingested pills prescribed for 1 day as dependent variables and length of ICU and hospital stay as explanatory variables (Table 4 ). Accordingly, GCS score on admission (P = 0.021; P < 0.01) and the maximum number of pills (P < 0.01; P = 0.01) were significantly associated with prolonged hospital and ICU stay.
Emergency room risk factors for prolonged ICU and hospital stay
Multiple regression analysis for ER prognostic factors included GCS score on admission, the maximum number of pills, the total number of regularly ingested pills prescribed for 1 day, CK and CRP concentrations, and prolonged QTc interval as dependent variables and length of ICU and hospital stay as explanatory variables (Table 5 ). Accordingly, CK and CRP concentrations and the maximum number of pills were significantly associated with prolonged hospital and ICU stay.
Fifty-tablet rule as a pre-hospital predictor for prolonged ICU and hospital stay Figure 2 shows the ROC curve prepared with artificial ventilation or RRT as the state variable and maximum number of pills as the probability test variable. Based on the maximum Youden index of this ROC curve, 71 tablets were suggested to be the best cut-off value.
To determine whether the 50-tablet rule can be useful for paramedics before admission, multiple regression analysis was carried out with sex, age, weight, time interval between ingestion and arrival at hospital, 50 tablets as the maximum number of pills ingested, and total number of regularly ingested pills prescribed for 1 day as dependent variables and length of ICU and hospital stay as explanatory variables (Table 6 ). Accordingly, only GCS score on admission was associated with prolonged outcomes (P = 0.023; P = 0.016), whereas no such association was found for ingesting a maximum of 50 tablets. Furthermore, ingesting a maximum of 250 tablets was significantly associated with prolonged outcomes with the multiple coefficient of determination (R 2 ) showing a maximum value.
DISCUSSION
T HE PRESENT STUDY identified prognostic factors for patients with DOD considering situations before/after admission. Moreover, this is the first study to thoroughly examine risk factors for prolonged ICU and hospital stay within Japan using laboratory and physiologic parameters. Our study also suggests that in-hospital risk factors for prolonged stay using laboratory and physiologic parameters can be useful to medical staff given that it allows them to predict the prognosis of patients with DOD.
Remarkably, the present study found that the 50-tablet rule ( Table 6) , was not appropriate for predicting prolonged ICU and hospital stay for patients with DOD, nor artificial ventilation or RRT (Fig. 2) . After examining the validity of the 50-tablet rule by creating sensitivity and specificity curves, Tarui et al. 2 reported that a cut-off value of 100 tablets was needed to predict complications among patients with DOD in the ICU. Moreover, following univariate analysis, Sugita et al. 17 revealed that patients with DOD who ingested ≥50 tablets were more likely to be hospitalized. The present study is the first to evaluate whether the 50tablet rule can be useful for predicting prolonged ICU and hospital stay using multivariate analysis, with our results suggesting that 50 tablets might not be the best cut-off value considering other variables available before admission. Moreover, we showed that both GCS score on admission and the total number of pills can be utilized as prognostic factors before admission (Table 4 ).
Interventions and critical management measures such as GL, RRT, or antidote usage were not used for further analysis. It is true that interventions such as RRT or antidote usage are thought to prolong ICU and hospital stay. However, we focused only on clinical factors that we could obtain quickly at the ER in analyzing risk factors for prolonged ICU and hospital stay. We determined ROC curves, defining intubation or blood purification as the outcome, because we wanted to evaluate the validity of the 50-tablet rule as much as possible, as in the study of Hifumi et al. 16 The present study also found that CK and CRP concentrations and total number of ingested pills were in-hospital prognostic factors ( Table 5 ). We consider that inflammation and organ damage, such as aspiration pneumonia and/or rhabdomyolysis, might have occurred as complications of DOD. Using multivariate logistic regression analysis, Liisanantti et al. 15 reported that respiratory and renal dysfunction/failure were risk factors for poor outcomes among patients with acute DOD. In Japan, Tarui et al. 2 reported that GCS score on admission, blood lactate levels, and the total number of pills were prognostic factors for patients with DOD. Unlike Tarui et al.'s study, however, the present study did not include blood lactate level during multivariate analysis given that univariate analysis did not find it to be significant. Laboratory parameters included herein had been thoroughly considered, and end-points showed this difference. However, there exists a problem in the criteria for rhabdomyolysis (CK >166 IU/L) as a complication in Tarui et al.'s report. Considering that no cut-off value has been established, many clinicians have used ranges five times higher than the normal range for rhabdomyolysis. 18 The present study revealed that the median CK concentration of 77 IU/L significantly prolonged ICU and hospital stay among patients with DOD. We speculated that the increase in CK was not necessarily due to rhabdomyolysis but rather the mere lying down of the patient during loss of consciousness.
The present study has some limitations worth noting. First, considering that this was a retrospective, single-facility study undertaken in the southern area of Ibaraki, the results presented herein might not be applicable to other places throughout Japan. However, the prevalent characteristics of our cohort might not be much different from those residing within other areas across Japan. 2, 17 Second, we were unable to obtain information regarding outpatients with DOD given the shortcomings in our clinical record system, which made it difficult to acquire information related to the patients' condition and clinical data without admission. Third, the study group was too small to include the type of drug as a variable during multivariate analysis, and the effect of explanatory variables cannot be neglected. Finally, indications for treatment have not been uniform. Further prospective, large-scale multicenter studies are thus necessary to determine the precise cut-off value for the appropriate triage of patients with DOD.
CONCLUSION
T HE PRESENT STUDY revealed that the total number of ingested pills and CK and CRP concentrations were in-hospital risk factors for prolonged ICU and hospital stay among patients with DOD. Moreover, the 50-tablet rule was not a predictor of prolonged ICU and hospital stay among patients with DOD as well as artificial ventilation or RRT. The results presented herein can therefore contribute to the assessment of clinical severity before and after admission.
